The objective of this work is the study of the distribution of chemical elements in attic dust and topsoil for the identification of anthropogenic and geogenic element sources in an old metallurgic area in Bosnia and Herzegovina and Slovenia (Slo -BiH bilateral project "Heavy metals in environment as consequences of mining and smelting in the past"). Samples of attic dust and topsoil were collected in localities in BiH (Zenica, Vare{ and Ilija{) and Slovenia (Jesenice, [tore and Ravne).
Introduction
The objective of this work is the study of the distribution of chemical elements in attic dust and topsoil for the identification of anthropogenic (man-made) and geogenic (natural) element sources in an old metallurgic area in Bosnia and Herzegovina and Slovenia (Slo -BiH bilateral project "Heavy metals in environment as consequences of mining and smelting in the past"). Samples of attic dust and topsoil were collected in localities in BiH (Zenica, Vare{ and Ilija{) and Slovenia (Jesenice, [tore and Ravne) .
In previous geochemical studies ( [ a j n , 1999; 2003) the properties of attic dust as a sampling medium for the territory of Slovenia (regional-scale) were established. The applicability of attic dust and topsoil for tracing the mercury halo in the Idrija area The basic idea of the project is the hypothesis that relations between geogenic and anthropogenic chemical elements in sampling media, especially in attic dust, are preserved in wider regional scale regardless of architectonic particularity of attics in the region and lithology. We believe that this research has proven it.
Geographical and geological description of study areas Localities in Slovenia (Fig. 1) 
Celje ([tore)
The town of Celje is situated in the central part of Slovenia. In the area of the Celje -[tore urban zone live about 55,000 inhabitants (A n t o n~i~, 2001). The industry is concentrated in the eastern part of the Celje town. The Zinc smelter Celje, started its operation in 1873 and is still in operation today. It has been estimated 580,000 tons of zinc were produced between the years 1875 and 1970 (@ i b r e t , 2002) .
The construction of the ironworks [tore started in 1856. The [tore ironworks was a relatively large operation from the beginning. Production and processing were in expansion until 1991, after that the production dropped radically.
In the geological sense, the studied area represents a young tectonic basin. It is filled with Quaternary deposits of the Savinja, Voglajna and Hudinja rivers. In the northern part are Pleistocene clays, quartz gravel and sand. Tuff and marine clay of the Oligocene age underlie these deposits. In the southeast part also Miocene sand, sandstone, marly limestone and lithothamnian limestone are exposed, as a part of the Celje syncline. The oldest rocks (shale, limestone, keratophyre and keratophyre tuff of the Ladinian age, and Upper Triassic massive limestone) crop out in the southern part (B u s e r , 1977).
Jesenice
The Jesenice area is situated in the northwest part of Slovenia (Fig. 1) . The administrative, political and economic centre is the town of Jesenice, a typical industrial town with iron making tradition, inhabited by a population of about 20,000. Iron making in the Jesenice area is traditional. The deve- After WWII Jesenice became the center of black metallurgy in Slovenia. Introduction of electrical steel processing marked the era of manufacturing steel of higher quality and in greater quantities. At its peak in 1970s, the ironworks employed more than 8,000 people (http://psychcentral.com/psypsych/jesenice).
The territory is situated at the contact of three geotectonic units: the south Karavanke, the Ljubljana basin and the Julian Alps. The central ridge of Karavanke is built by the Ko{uta nappe that consists predominantly of carbonate rocks of Lower to Upper Triassic age. The southern Karavanke nappe, in the area between the Ko{uta nappe and the Sava fault, consists mostly of Paleozoic clastic and carbonate rocks. The Radovljica-Bled subsided basin in the southeast is filled by Quaternary deposits in the extreme part of the Ljubljana basin. In the southeast, the Me'akla plateau consists of Lower to Upper Triassic carbonate rocks (B u s e r & C a j h e n , 1980; J u r k o v { e k , 1986).
Ravne
The research area lies in the northern part of Slovenia, close to the Austrian border (Fig.  1) . The Meza river valley cuts in its upper part through the Eastern Karavanke Mts., and in its lower parts, the settlements Prevalje and Ravne are placed.
After the year 1835, ironworking had developed at Prevalje and later at Ravne (M oh o r i~, 1954). The Me'a valley is strongly polluted with heavy metals due to mining and smelting. The major pollutants are lead and zinc, which were being extracted in the upper part of the Me'a valley for more than 300 years ([ a j n et al., 2000; V r e~a et al., 2001) . Ironwork located in the lower part of the valley also contributed to the pollution of the area during a 150-year operating period (S o u v e n t , 1994).
The upper part of the valley cuts mostly through Triassic limestone and dolomite. The lower part of the valley cuts through metamorphic rocks (M i o~ et al., 1983) . (Fig 1.) 
Localities in Bosnia and Herzegovina

Zenica
Zenica is an industrial city of 130,000, distanced 70 kilometers north from the capital Sarajevo, by the valley of the river Bosna (http://bs.wikipedia.org/wiki/zenica).
Construction of the iron and steelworks in Zenica started in 1892, but already in 1899, the iron and steel works produced about 3700 tons of rolled products. In 1940, the iron and steel works produced 1/3 of the total production of steel and rolled production of Yugoslavia. By putting a new facilities into operation and expansion of production continued in 1986 and reached record of 1,720,000 tons of pig iron and 1,906,000 tons of crude steel. In April 1992, production was stopped but in 1998 emerged a new company called "BH STEEL Company" (http://www.bhsteel.com.ba/istorija.htm).
The city of Zenica is situated in valley that is covered by alluvium of the Bosna River, partly on alluvial terrace sediments. On the West side of the Bosna River, Miocene and Oligocene rocks outcrop and comprise clays, sandstones, conglomerates and marls thought to represent post-orogenic shelf sediments of Pannonian Sea. On the East side of the Bosna River are Upper Cretaceous massive limestones and limestone breccias and on top is flysch (@ i v a n o v i } et al., 1975) .
Vare{
This small city is situated in a valley of the river Stavnja with 20,000 inhabitants. In region of Vare{, iron ore mined and smelted from Antique period. With arrival Austrians to Bosnia, Vare{ admire revival in economy aspect. Iron work of Vare{ is established in 1891, and operated until 1991. Before last war, Vare{ had been forcefully industrial centre, but from that time, mining and metallic activities are stopped (http://bs.wikipedia.org/wiki/vares; http://zeljezara-vares.com/onama.html).
The oldest rocks are Triassic age sandstone and sandy shale and massive, thick-bedded limestone. There is a part with Anisian limestones and dolomites, bearing hematite 
Materials and methods
Sampling design and materials
Samples were collected from three localities in Bosnia and Herzegovina (Zenica, Vare{ and Ilija{) and in Slovenia (Jesenice, Ravne and [tore) (Fig. 1) . In each Slovenian locality we collected three samples and from each Bosnian locality, two samples. In total we sampled fifteen localities, and at each we collected topsoil (0-5 cm) and attic dust.
Close to each sample site location an old house was chosen with intact attic carpentry. Most of the selected houses were at least 100 years old. To avoid collecting particles of tiles, wood and other construction materials, the attic dust samples were brushed from parts of wooden constructions that were not in immediate contact with roof tiles or floors. Soil was sampled from the surface to the depth of 5 cm close to the house in which attic dust was collected. Within the town, urban soil, such as soil in the gardens and on grass verges was sampled ([ a j n , 2003; 2005) .
Preparation of samples and analysis
All samples were air-dried. The size fraction of attic dust smaller than 0.125 mm was prepared for chemical analyses by sieving. Soil samples were gently crushed then the fraction smaller than 2 mm was pulverized (D a r n l e y et al., 1995; S a l m i n e n et al., 2005). Analysis for 41 chemical elements (Al, Ca, Fe, K, Mg, Na, P, S, Ti, Ag, As, Au, Ba, Be, Bi, Cd, Ce Co, Cr, Cu, Hf, La, Li, Mn, Mo, Nb, Ni, Pb, Rb, Sb, Sc, Sn, Sr, Ta, Th, U, V, W, Y, Zn and Zr) was performed by inductively coupled plasma mass spectrometry (ICP-MS) after (total) four-acid digestion (mixture of HClO 4 , HNO 3 , HCl and HF at 200 o C). Hg was determined with cold vapor atomic absorption spectrometry CV-AAS after aqua region digestion (mixture HCl, HNO 3 and water at 95 o C). All samples, replicates and geologic standards were submitted to the laboratory in a random order. This procedure assured unbiased treatment of samples and random distribution of possible drift of analytical conditions across all samples.
Sensitivity, accuracy and precision of analysis
The sensitivity in the sense of the lower limit of detection was adequate for 36 out of 42 determined chemical elements. The elements Au, Be, Bi, Hf, Ta and W, however, were removed from further statistical analysis, (M i e s c h , 1976) since their contents in the majority of analyzed samples were below the lower detection limit of the analytical method. Accuracy of the analytical method for the remaining 36 elements was estimated by calculation of the relative systematic error between the determined and recommended values of geological standards. Most elements show, in the range of the actual samples, very low deviations. The means of elements in the standards generally differ by less than 15% of the recommended values.
Results and discussion
In these analyses we excluded some elements because some of them have concen-trations below detection limits, but some of them did not show any connection to other elements in multivariate statistical analyses. Consequently 22 elements (Tab. 1) used in the final statistical treatment.
Number of samples for making a cluster analysis is small, but significant enough. Principally, no geochemical variations compare to other previous similar analysis. Based on a comparison of statistical parameters (Tab. 1), results of cluster analysis (Fig.  2) and calculated enrichment ratios (Tab. 2), one natural and two anthropogenic geochemical associations were identified. The natural geochemical association (Al-K-La-ScTh-Ti) is influenced mainly by lithology. The first anthropogenic association (Co-Cr-MoNi-V-W) is the result of iron metallurgy in the past. The second anthropogenic association (Ag-As-Cd-Fe-Hg-Mn-Pb-Sb-Sn-Zn) is the result of high level of sulphide phase in iron ore (Vare{) and zinc and sulphuric acid production in the Celje area.
First group: naturally distributed elements
The first group links Al, K, La, Th, Ti and Sc. Characteristics for this geochemical group are high values of correlation coefficients (Tab. 3a) and results of Cluster analyses (Fig.  2) between analyzed chemical elements.
For these elements it is important to note that their average concentrations in topsoil are around 80% concentration in Slovenian soil. Concentration ratios vary between 0.5 and 1.2 (Tab. 2, Fig. 3 ). Highest concentrations were found in two areas, Ravne and [tore, and are a consequence of weathering of igneous rocks in their environment. The average of these elements in attic dust is 50% (varying between 0.3 and 0.7) concentration in Slovenian soil (Tab. 2, Fig.4 ). The highest ratio between attic dust and topsoil was found in the Ilija{ area (0.9) and the lowest in the Ravne area (0.4) (Tab. 2, Fig.5 ). Whereas these elements are not included in technological processes of ironworks, we presume that the source of the above elements in topsoil and attic dust is natural, i.e. they originate from soil dust and represent the natural state. Based on these ratios, we can roughly evaluate that the lowest pollution is in the Ilija{ area and the highest in the Ravne area. Similar relationships have been determined during previous research of soil and attic dust in Celje ([ a j n , 2005), Jesenice ([ a j n , 1998) and Ravne ([ a j n , 2002) areas. It is proposed that the distribution of most elements is related to bedrock. vary between 0.6 and 42 (Tab. 2, Fig. 3 ). The highest concentration is again in the Ravne area. The average of these elements in attic dust exceeds by a factor of 4 average for Slovenian soil (variation is between 0.7 and 267). Again, the highest concentration is in the Ravne area (Tab. 2, Fig. 4 ). As in first group, the highest ratio between attic dust and topsoil is found in the Ravne area (3.8) and lowest in the Ilija{ area (0.95) (Tab. 2, Fig. 5 ). From this, it is possible to conclude that the consequences of mining are most pronounced in Ravne and least pronounced in Ilija{. However, ironwork in Ilija{ has a shorter history than in the other five localities. Similar relationships have been determined during previous research of soil and attic dust in the areas Celje ([ a j n , 2005), Jesenice ([ a j n et al., 1998) and Ravne ([ a j n , 2002) . 
Second group: anthropogenically introduced siderophile elements
The second group links mainly siderophile elements: Mo, Ni, Co, W, V, and Cr. As with the previous group, high values are observed for correlation coefficients (Tab. 3b), reinforced by results of Cluster analyses (Fig.  2) between analyzed chemical elements.
For these elements it is significant that their average concentration ratio in topsoil exceeds the average for Slovenian soil by a factor of around 2.2. Concentration ratios This group links Ag, As, Cd, Pb, Zn, Sb, Sn, Hg, and two siderophile elements Fe and Mn. In this group, as with the two previous groups, we observe a strong relationship between correlation coefficients (Tab. 3c) and results of Cluster analyses (Fig. 2) between analyzed chemical elements.
The highest enrichments are in topsoil, in attic dust and in ratios attic dust/topsoil. In topsoil, the average concentration is 4.6 times higher than in average Slovenian soil (highest concentration is in Vare{ and lowest in [tore) (Tab. 2, Fig.3 ). The average of these elements in attic dust exceeds by a factor of 11 the average for Slovenian soil (varying from 1.2 to 100). The highest concentration of these elements (22) is found in the Vare{ area, and basically represents the maximum for this group (Tab. 2, Fig.4) . The highest ratio between attic dust and topsoil is found in the [tore area and, as with the two previous groups, the lowest in the Ilija{ area (Tab. 2, Fig.5) .
The high content of the aforesaid group of elements in the Vare{ area is consequence of the appearance of Pb-Zn. Metallurgical processes considerably increased the content of sulphide elements in all sampled materials and caused serious environmental pollution. A few kilometers west of the [tore is the town of Celje ([ a j n , 2005) , where there was an old Zn smelter (over 100 years old), that contributed to a high concentration of chalcophile elements.
Conclusion
Based on these analyses, we can compare pollution levels in each of these six ironworks. We have found that in the cities Zenica and Vare{ there exist high concentrations of chalcophile and siderophile elements. Because of this it is very important to continue with further research on these two localities. In the Ilija{ area, by contrast, the pollution level is very low and, for now, further research will be discontinued.
In the Vare{ area there is a very high concentration of chalcophile elements, which originate from ore deposits. This ironwork had a major influence on soil, stream sediments and stream terraces of the River Stavnja. My future work will focus more on this area.
It is also very important to continue with research in the city of Zenica, because this 
